WHAT IS CLAIMED IS 



^j^V^ 1 . An OFDM demodulation apparatus for demodulating an 
?DM signal which inclu 



OFD 



ies a data symbol structured by a valid 



symbol period and a gua::d interval, and a specific synchronous 



symbol is included in the 
and, the apparatus comp 



estimation in said impu 



OFDM signal for every transmission frame 
rising : 

an impulse response estimation part for estimating an 
impulse response from said OFDM signal; 

an integration part for integrating a signal obtained by 

Ise response estimation part; 
a determination p^rt for detecting symbol timing of said 
OFDM signal based on a value obtained by integration in said 
integration part; 

a window timing geheration part for generating, according 
to said symbol timing, window timing to provide said valid symbol 
period; and 

a Fourier transformation part for subjecting said OFDM 
signal to Fourier trans:florm according to said window timing. 



2. The OFDM demodufLation apparatus according to claim 1, 
when an identical waveform is periodically transmitted in 
said synchronous symbol fop twice or more, said apparatus further 
comprising : 

a delay part for Idelaying said OFDM signal for a 
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predetermined number of samplings; 



a multiplica 
delay in said dela 



tion part for multiplying a signal obtained by 
y part and said OFDM signal; 



an averaging part for averaging a signal obtained by 



said multiplication part; 

error calculation part for calculating a 
sed on a signal obtained by averaging in said 



10 multiplication in 
a frequency 
frequency error ba 
averaging part; 

a hold part :for holding said frequency error according to 
15 said symbol timingl; and 

a frequency correction part for correcting a frequency 
shift of said OFDlk signal according to said frequency error 
provided by said h^id part, wherein 

transformation part subjects, to Fourier 
20 transform, said OFDm signal with frequency shift corrected by said 



frequency correction part according to said window timing. 

3. The OFDM cemodulation apparatus according to claim 1, 
when an identalcal waveform is periodically transmitted in 
said synchronous symbol for twice or more, the apparatus further 
comprising : 

a first delay part for delaying said OFDM signal 
(hereinafter, first C)FDM signal) for a first predetermined number 
of samplings; 

a first multijllication part for multiplying a signal 
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obtained by delay in s^id first delay part and said first OFDM 
10 signal; 

a first averaginb part for averaging a signal obtained by 
multiplication in saiq first multiplication part; 

a first frequency error calculation part for calculating 
a first frequency errqr based on a signal obtained by averaging 
15 in said first averagifng part; 

a filter parti for smoothing a signal obtained by 
multiplication in said first multiplication part; 

an absolute value calculation part for calculating an 
absolute value of a sjignal obtained by smoothing in said filter 
20 part; 

a first determination part for determining, according to 
said absolute value, a correlation between said first OFDM signal 
and the signal obtained by delay in said first delay part, and 
detecting symbol tinfing of said first OFDM signal; 

25 a first hold plart for holding said first frequency error 

according to said [ symbol timing detected by said first 
determination part ; 

a first freqliency correction part for correcting a 
frequency shift of said first OFDM signal according to said first 

30 frequency error provided by said first hold part; 



a second delay 
number of samplings. 



art for delaying, for a second predetermined 
said first OFDM signal with frequency shift 



corrected by the first frequency correction part (hereinafter. 
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second OFDM signal 
35 a second mu 

obtained by delay 
signal ; 

a second av 
multiplication in 
40 a second fr 

a second f requenc 
in said second a\ 
a second ho 
according to saic 
45 part; and 

a second t 
frequency error 
second frequency ^ 
said impuls 
50 response from sa: 
said Fourie 



) ; 

Ltiplication part for multiplying a signal 
in said second delay part and said second OFDM 



ejraging part for averaging a signal obtained by 

said second multiplication part; 
^quency error calculation part for calculating 
error based on a signal obtained by averaging 
eraging part; 

Id part for holding said second frequency error 
symbol timing detected by said determination 



requency correction part for correcting a 
f said second OFDM signal according to said 
rror provided by said second hold part, wherein 
response estimation part estimates the impulse 
d second OFDM signal, and 

r transformation part subjects, to Fourier 



transform, said second OFDM signal with frequency shift corrected 



(juency conversion part according to said window 



by said second f re 
timing . 



4. The OFDM\demodulation apparatus according to claim 1, 
wherein 

said integratiion part regards a time length of said guard 
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interval as an integration section, and integrates an incoming 
5 signal while sequentially shifting the location of the 
integration section /with respect to the incoming signal. 



5. The OFDM demodulation apparatus according to claim 1, 
wherein 

said integration part regards a time length of said guard 
interval and a predetermined time length before and after the 



guard interval as 
incoming signal wK 



integration section with respect to the incoming signal, responds 



before and after a 



rectangular impulse response in the time length 



of said guard interval. 



6 . The OFD^ 
wherein 

said integrb 
interval and a pr 
guard interval as 
incoming signal w\ 



an integration section, and by integrating an 
ile sequentially shifting the location of the 



demodulation apparatus according to claim 1, 
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tion part regards a time length of said guard 
edetermined time length before and after the 
an integration section, and by integrating an 
ile sequentially shifting the location of the 
integration secticjn with respect to the incoming signal, responds 
monotonously increasing before a rectangular impulse response in 
the time length of sp.id guard interval but monotonously decreasing 
thereafter . 
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7, The OFDM demoqulation apparatus according to claim 1, 
wherein 

said impulse resfoonse estimation part comprises: 

a synchronous s^^mbol generation part for generating a 
signal identical to said synchronous symbol; 

a correlation part for calculating a signal indicating how 
the signal generated Ipy said synchronous symbol generation part 
and said OFDM signal I are correlated to each other; and 

a correlation/ calculation part for calculating a 
correlation from th^ signal obtained by calculation in said 
correlation part. 
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8 . The OFDM d 
wherein 

said impulse 

a synchronous 
signal whose freque 
symbol ; 

a multiplicat 
said Fourier transfo 
synchronous symbol 

an inverse Foiti 
inverse Fourier tra 
in said multiplicat 

a correlati 



imodulation apparatus according to claim 1, 

response estimation part comprises: 

symbol generation part for generating a 
ricy domain is identical to said synchronous 

on part for multiplying a signal provided by 
rmation part and the signal provided by said 
generation part; 

rier transformation part for subjecting, to 
sform, a signal obtained by multiplication 
Lon part; and 

calculation part for calculating a 



o 1 
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correlation from a sjignal provided by said inverse Fourier 
15 transformation part. 

9. The OFDM demodulation apparatus according to claim 7, 
wherein 

said correlation calculation part calculates an absolute 
value of complex vector (i, q) of the incoming signal. 



10. The OFDIfl demodulation apparatus according to claim 8, 
wherein 

said correlation calculation part calculates an absolute 
value of complex K/ector (i, q) of the incoming signal 

11. The OFEpM demodulation apparatus according to claim 7 , 
wherein 

said corre 
absolute value of 
vector (i , q) of 



lat 



ion calculation part calculates a sum of an 
i and an absolute value of q from the complex 
the incoming signal. 



12. The OFEfM demodulation apparatus according to claim 8, 
wherein 

said correlation calculation part calculates a sum of an 
absolute value of |i and an absolute value of q from the complex 
vector (i , q) of the incoming signal. 
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13. The OFDM demod/alation apparatus according to claim 7, 
wherein 

said correlation /calculation part calculates a sum of a 
square of i and a squai/e of q from the complex vector (i , q) of 
the incoming signal. 



14. The OFDM demodulation apparatus according to claim 8, 
wherein 

said correlatibn calculation part calculates a sum of a 
square of i and a sqifiare of q from the complex vector (i, q) of 
the incoming signal 



15 . The OFDM 
wherein 

said first det. 
calculated by said 
value for invariabi 
value showing a predjet 



demodulation apparatus according to claim 3, 

ermination part receives said absolute value 
absolute value calculation part, detects a 
lity thereof, and then detects the absolute 
ermined proportion to the invariable value. 



16. An OFDM 
OFDM signal in which 
is assigned to each 
the apparatus comp:: 

a Fourier tr^n 
signal to Fourier i. 



demodulation apparatus for demodulating an 
a known pilot carrier being a reference phase 
f a plurality of predetermined subcarriers, 
ising : 

sformation part for subjecting said OFDM 
ransf orm ; 
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a pilot carrier eKtraction part for extracting said pilot 
carriers from a signal obtained by Fourier transform in said 
Fourier transf ormatiom part; 

a phase change calculation part for calculating a phase 
change of said extraated pilot carriers; 



a window shift 
to said phase change. 



estimation part for estimating, according 
a shift of window timing indicating timing 



for operation of said Fourier transformation part; and 



a window timing 
to the shift estimat 
symbol timing of said 



generation part for generating, according 
5d in said window shift estimation part and 
OFDM signal , said window timing which causes 



said Fourier transformation part to operate, 



17. An OFDM demodulation apparatus for demodulating an 



OFDM signal in whicl-L 
a predetermined ref ep 
a reference phase 
predetermined subcat 
a Fourier tran 



identical to said r€s 
a transmissior 
estimating a transmis 



every transmission frame is provided with 
ence symbol, and a known pilot carrier being 
is assigned to each of a plurality of 
riers, the apparatus comprising: 
sformation part for subjecting said OFDM 
signal to Fourier tfansform; 

a reference syiibol generation part for generating a signal 
ference symbol; 

path characteristic estimation part for 
sion path characteristic based on the signal 



generated by said ;:eference symbol generation part and a 
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Fourier-transformed signal In said Fourier transformation part; 

an equalization pairt for equalizing the Fourier- 
transformed signal accofrding to information about the 
transmission path charactyeristic provided by said transmission 
path characteristic estimation part; 

a pilot carrier extraction part for extracting said pilot 
carriers from a signAl obtained by equalization in said 
equalization part; / 

a phase change /calculation part for calculating a phase 
change of said extracted pilot carriers; 

a window shift/ estimation part for estimating, according 
to said phase change/, a shift of window timing indicating timing 
for operation of said Fourier transformation part; and 

a window timi/ng generation part for generating, according 
to the shift estimated in said window shift estimation part and 
symbol timing of said OFDM signal , said window timing which causes 
said Fourier tran/sf ormation part to operate. 

18 . The OFpiyi demodulation apparatus according to claim 17 , 
further comprising : 

a phase shift estimation part for estimating a phase shift 
of said OFDM signal according to said phase change; and 

a transmission path information correction part for 
correcting, according to said phase shift, said information about 
the transmission path characteristic to be outputted from said 
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transmission estimation part to said equalization part, 




19 . The OFDM demc/dulation apparatus according to claim 18 , 
wherein 

said transmiss/Lon path information correction part 
corrects said information about transmission path characteristic 
according to timing /hen a signal indicating the phase shift is 
provided by said wihdow shift estimation part. 



20 . The OFDM/demodulation apparatus according to claim 17 , 
wherein 

said window timing generation part generates , according to 
the shift estimated in said window shift estimation part, said 
window timing ^hile shifting said symbol timing for a 
predetermined number of samplings. 



21 . The OFDM demodulation apparatus according to claim 17 , 
further comprising : 

a phase shift estimation part for estimating a phase shift 
of said OFDM silgnal according to said phase change; and 



a phase c 
provided by sa 



rrection part for correcting a phase of the signal 
id equalization part based on said phase shift. 



22 . An CFDM demodulation method for demodulating an OFDM 
signal which iricludes a data symbol structured by a valid symbol 
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period and a guard interjal, and a specific synchronous symbol 

is included in the OFDM signal for every transmission frame and, 

the method comprising tne steps of: 

estimating an impulse response from said OFDM signals- 
integrating a sifanal obtained by estimations- 
detecting symbol/timing of said OFDM signal based on a value 

obtained by integratiion in said integration part; 

generating window timing to provide said valid symbol 

period based on said/ symbol timing; and 

Fourier-transforming said OFDM signal according to said 

window timing. 
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23. The OFDM demodulation method according to claim 22, 
when an identical waveform is periodically transmitted in 

said synchronous symbol for twice or more, the method further 

comprising the stleps of: 

delaying sap.d OFDM signal for a predetermined number of 

samplings ; 

multiplying a signal obtained by delay in said delay part 
and said OFDM signal; 

averaging k signal obtained by multiplication in said 
multiplication part ; 

calculating a frequency error based on a signal obtained 
said averaging part; 

id frequency error according to said symbol 
72 



by averaging in 
holding sa 



timing; and 

correcting a f requenfcy shift of said OFDM signal according 
to said frequency error provided in said holding step, wherein 

in said Fourier-transform step, said OFDM signal with 
frequency shift correctJed is subjected to Fourier transform 
according to said window timing. 

24. The OFDM demodulation method according to claim 22, 
when an identical waveform is periodically transmitted in 

said synchronous symbpl for twice or more, the method further 

comprising : 

a first delay st^p of delaying said OFDM signal (hereinafter, 
first OFDM signal) foif a first predetermined number of samplings; 

a first multiplication step of multiplying a signal 
obtained by delay in( said first delay step and said first OFDM 
signal ; 

a first averagling step of averaging a signal obtained by 
multiplication in said first multiplication step; 

a step of calculating a first frequency error based on a 
signal obtained by averaging in said first averaging step; 

a step of smootjhing a signal obtained by multiplication in 
said first multiplicfcation step; 

a step of calculating an absolute value of a signal obtained 



by smoothing in smoo 
a first determ 



thing step; 
nation step of determining, according to 



said absolute value, a correlation between said first OFDM signal 
and the signal obtained by/ delay in said first delay step, and 
detecting symbol timing of said first OFDM signal; 

a step of holding said first frequency error according to 
said symbol timing detected in said first determination step; 

a step of correcting a frequency shift of said first OFDM 
signal according to sai/d first frequency error held; 

a second delay step of delaying, for a second predetermined 
number of samplings, said first OFDM signal with frequency shift 
corrected (hereinafter, second OFDM signal); 

a second multiplication step of multiplying a signal 
obtained by delay in paid second delay step and said second OFDM 
signal ; 

a second averafging step of averaging a signal obtained by 
multiplication in said second multiplication step; 

a step of calculating a second frequency error based on a 
signal obtained by/ averaging in said second averaging step; 

a step of holiding said second frequency error according to 
said symbol timindf detected in said determination step; and 

a step of correcting a frequency shift of said second OFDM 
signal according fto said second frequency error held, wherein 



in said est 
from said second 
in said Fou 



Lmating step, an impulse response is estimated 
OFDM signal, and 

rier-transf orm step, according to said window 



timing, said second OFDM signal with frequency shift corrected 



is subjected to Fourier transform. 

25. The OFDM demoduljktion method according to claim 22, 
wherein / 

in said integrating/ step, a time length of said guard 
interval is regard as an integration section, and an incoming 
signal is integrated while/the location of the integration section 
being sequentially shifted with respect to the incoming signal. 

26. The OFDM demddulation method according to claim 22, 
wherein / 

in said integratiing step, a time length of said guard 
interval and a predetermined time length before and after the 
guard interval are regarded as an integration section, and by 
integrating an incoming signal while sequentially shifting the 
location of the integration section with respect to the incoming 
signal, a response is provided before and after a rectangular 
impulse response having the time length of said guard interval. 

27. The OFDM demodulation method according to claim 22, 
wherein I 

in said integrating step, a time length of said guard 
interval and a prec etermined time length before and after the 
guard interval are regarded as an integration section, and by 
integrating an incoming signal while sequentially shifting the 



location of the integrationj section with respect to the incoming 
signal, a response which/ monotonously increasing before a 
rectangular impulse respon/se having the time length of said guard 
interval but monotonously decreasing thereafter is provided. 

28. The OFDM deryodulat ion method according to claim 22, 
wherein 

said estimating /step comprises the steps of: 
generating a siqpal identical to said synchronous symbol; 
calculating a s/ignal indicating a correlation between a 

signal generated in ^aid generating step and said OFDM signal; 

and 

calculating a Jborrelation from a signal obtained in said 
calculating step. 



29. The OFDM demodulation method according to claim 22, 
wherein 

said estimat: 
generating a 
synchronous symbol 

multiplying 
step and the f reque(ic 
step ; 

inverse-Fourjier-transf orming a signal obtained in said 
multiplying step; and 



ng step comprises the steps of: 
frequency-domain signal identical to said 

signal obtained in said Fourier-transform 
cy-domain signal generated in said generating 



calculating a corpelation from said inverse-Fourier- 
transf ormed signal . 

30. The OFDM deir^odulation method according to claim 28, 
wherein 

in said calculyfeting step, an absolute value of complex 
vector (i, q) of the incoming signal is calculated. 



31. The OFDfA demodulation method according to claim 29, 
wherein 

in said ca/lculating step, an absolute value of complex 
vector (i, q) of the incoming signal is calculated. 



32. The /OFDM demodulation method according to claim 28, 
wherein 

in said balculating step, a sum of an absolute value of i 
and an absolute value of q is calculated from the complex vector 
(i, q) of the! incoming signal. 



33. Thp OFDM demodulation method according to claim 29, 
wherein 

in said calculating step, a sum of an absolute value of i 
and an absolute value of q is calculated from the complex vector 
(i, q) of th€i incoming signal. 
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34. The OFDM demodulat/ion method according to claim 28, 
wherein 

in said calculating stkp , a sum of a square of i and a square 
of g is calculated from the /complex vector {±, q) of the incoming 
signal . 

35. The method fof: OFDM demodulation according to claim 
29, wherein 

in said calculati/ig step, a sum of a square of i and a square 
of q is calculated f roiry the complex vector (i , q) of the incoming 
signal . 

36. The OFDM demodulation method according to claim 24, 
wherein 

in said first determination step, a value for invariability 
of said absolute vailue is detected, and then the absolute value 
showing a predetermined proportion to the invariable value is 
detected . 



37. An OFDM demodulation method for demodulating an OFDM 
signal in which a/known pilot carrier being a reference phase is 



assigned to each 
method comprisir 



of a plurality of predetermined subcarriers, the 
g the steps of : 
Fourier-tifansf orming said OFDM signal; 

extracting said pilot carriers from said Fourier- 
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transformed signal ; 

calculating a ph|ase change of said extracted pilot 
carriers ; 

estimating, accoiJding to said phase change, a shift of 
window timing indicating timing for Fourier transform; and 

generating, according to said estimated shift and symbol 
timing of said OFDM signal, said window timing for Fourier 
transform with respecp to said OFDM signal. 



38. An OFDM demodulation method for demodulating an OFDM 
signal in which every transmission frame is provided with a 
predetermined referepce symbol, and a known pilot carrier being 
a reference phase lis assigned to each of a plurality of 
predetermined subcarriers, the method comprising the steps of: 



Fourier- trans 
generating a 
estimating a 



forming said OFDM signals- 
signal identical to said reference symbols- 
transmission path characteristic based on 



said generated signal and said Fourier-transformed signals- 
equalizing said Fourier-transformed signal according to 

information about the transmission path characteristic obtained 

in said estimating step; 

extracting said pilot carriers from said equalized signal; 
calculating a phase change of said extracted pilot 

carriers ; 

estimating, According to said phase change, a shift of 
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window timing indicating timing for Fourier transform; and 

generating, accordifng to said estimated shift and symbol 
timing of said OFDM sidnal, said window timing for Fourier 
transform with respect jco said OFDM signal. 

39. The OFDM demodulation method according to claim 38, 
further comprising the steps of: 

estimating a phWse shift of said OFDM signal according to 
said phase change; arJd 

correcting saiid information about transmission path 
characteristic accorfaing to said phase shift. 

40. The OFDM /demodulation method according to claim 39, 
wherein 1 

in said co/rrecting step, said information about 
transmission path cnaracteristic is corrected according to timing 
when a signal indlicating the phase shift is provided after 
estimated in said jestimating step. 

41. The OFDM demodulation method according to claim 38, 
wherein I 

in said winaow-t iming-generating step, said window timing 
is generated while shifting said symbol timing for a predetermined 
number of timings according to said estimated shift. 
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42. The OFDM demodulation method according to claim 38, 
further comprising th/e steps of: 

estimating a phase shift of said OFDM signal according to 



said phase change; a 
correcting a ph 



ase of a signal provided after equalization 



in said equalizing s :ep based on said phase shift, 
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